ABSTRACT Discontinuous translational elongation of polypeptides is observed during spider dragline silk fibroin synthesis(1,2). The repeating segment of one of the two subunit proteins constituting spider major ampullate (dragline) silk of Nephila clavipes, Spidroin 2, consists of alternate alanine-rich and proline -rich regions(3). It was found that the calculated free energy of the secondary structure of Spidroin 2 mRNA per nucleotide for the alanine-rich region is about the same as that for the successive proline-rich region.
INTRODUCTION
Transient accumulations of discrete size nascent polypeptide chains during translational elongation have been observed for some proteins. This is due to pauses or discontinuities in the translational process, which may occur at specific sites in mRNA templates. In a series of studies for such proteins, silkworm fibroin (5), type I collagen (6) , colicin A (7), chloroplast photosystem II reaction center protein Dl (8) and globin (9), we have so far presented evidence to support the view that the pauses may be attributable to the mRNA secondary structure of the protein-coding region.
In our preceding papers, we studied on spider fibroin(4,10). The major ampullate glands of Nephila clavipes synthesize a tissue-specific fibroin for the web and dragline. Its secretory product exhibits a step ladder array of peptides in denaturing electrophoresis in a highly reproducible and consistent pattern, and the product has been shown to reflect discontinuities in the translational process(l,2). In the present study, we tried to analyze Spidroin 2, which exhibits an entirely different repetitive amino acid sequence motif than Spidroin 1, to examine the possible correlation between mRNA structure and translational pauses for this protein.
RESULTS AND DISCUSSION
The 464 amino acid partial sequence, of Spidroin 2 exhibits an entirely different repetitive motif sequence than Spidroin 1. The partial protein sequence of Spidroin 2 can be grouped into highly conserved repetitive elements; (i)the pentapeptide Gly-Tyr-Gly-Pro-Gly appears numerous times throughout the segment sequence; (ii)the prolinerich region has repeating pentapeptide motif in which Gly-Pro-Gly-Gly-Tyr alternates with Gly-Pro-Gly-Gln-Gln; (iii)the joining region, Ser-Gly-Pro-Gly-Ser, is very highly conserved and leads into a series of 6-10 alanines with an occasional conservative serine substitution. Thus the repeating segment of Spidroin 2 consists of alternate alanine-rich and proline-rich regions. We calculated the free energy of the secondary structure of each of the two alternate regions of Spidroin 2 mRNA, along the partial cDNA sequence of the gene, by the method used previously^). The lengths of the regions are variable and not rigidly conserved for either of the alanine-rich and proline-rich regions. So, we obtained the stable secondary structure forming ability per nucleotide for each of the two regions , by dividing the calculated free energy of the region by the number of the nucleotide included in the region. It was found that the free energy of the secondary structure of the mRNA per nucleotide for the alanine-rich region is of approximately the same value on average as that for the proline-rich region, although relatively small changes in the free energy along the whole length of the Spidroin 2 mRNA are observed. The small stability changes of the local secondary structure along the Spidroin 2 mRNA suggests that the mRNA structure of this subunit protein may not be correlated with the translational pauses of dragline silk fibroin. The result is in contrast to that obtained for Spidroin 1 (4) . In the case of Spidroin 1, consisting of alternate alanine-rich and glycine-rich regions, the free energy of the secondary structure of the mRNA per nucleotide for the alanine-rich region was always much lower than that of the successive glycine-rich region. This was true without exception for all the calculated partial 21 unit sequences of Spidroin 1. It has been suggested that this alternate arrangement of the regions of high and low structural stability along the mRNA strand may be correlated with the discontinuous translational elongation of spider fibroin. Throughout the mRNA chain the free energy of the local secondary structure of Spidroin 2 mRNA keeps lower levels of about the same ones as those for the Spidroin 1 mRNA coding alanine-rich regions. That is, mRNA secondary structure of Spidroin 2 is stable all along the mRNA chain.
Recently, structural analysis of Nephila clavipes dragline silk fiber has been done and a new model for dragline silk has been proposed. According to the model all of the crystalline fraction of dragline silk is composed of alanine-rich sequences, which exist in two distinct environments, i.e. the sequences highly oriented alanine-rich crystals of |3 -sheets and weakly oriented yet crystalline unaggregated sheets (12) . The glycine-rich regions form an amorphous matrix. In this model, 90% of the alanine residues would be in the (3 -sheets, and 70% of the glycines would be in the amorphous regions. The weakly oriented |3 -sheets may account for the compressive strength of silk, as they provide reinforcement at a variety of angles. Furthermore, this hypothesis requires that individual protein molecules possess (3 -sheet conformations before fiber formation. To deduce this dragline silk model folding model of Spidroin 1 molecule has been employed. The molecular ratio of the two major protein subunits of dragline silk from Nephila clavipes, Spidroin 1 and Spidroin 2, is about 3 to 2 (3). In addition, the amino acid sequence of Spidroin 2 exhibits an entirely different repetitive motif than Spidroin 1. Spidroin 2 is predicted to consist of linked (3-turns in proline-rich regions which alternate with (3-sheet regions composed of polyalanine segments. Therefore, molecular structures of the two subunit proteins have to be taken into account to elucidate the detailed structure of the dragline silk.
This proposed model of spider dragline silk fiber, however, appears to be compatible with our result of Spidroin 1 mRNA structure. It is tempting to speculate that the relatively stable mRNA structure of the alanine-rich region of Spidroin 1 temporary retards translational elongation of peptides of spider silk, giving enough time for the alanine-rich regions to cotranslationally aggregate into crystals of (3 -sheets or into the small crystallites. On the other hand, the relatively less stable mRNA structure for the glycine-rich region of Spidroin 1 of the spider silk may be consistently interpreted, since there appears to be no need for the region to pause during translation to form an amorphous structure. The present finding of the high stability of Spidroin 2 mRNA throughout the mRNA nucleotide sequence suggests that the protein products during the synthesis of Spidroin 2 may not contribute to make the step ladder array of electrophoretic bands of dragline silk fibroin, although translation of the mRNA is relatively slow as that for the mRNA of the alanine-rich region of Spidroin 1 gene.
